1. Introduction {#sec0005}
===============

Global Burden of Disease (GBD) reports by the World Health Organization (WHO)[@bib0005] and Institute of Health Metrics and Evaluation (IHME)[@bib0010] have highlighted high cardiovascular disease (CVD) and ischemic heart disease (IHD) mortality rates in India and other South Asian countries.[@bib0015], [@bib0020] According to GBD 2015 Study, high CVD mortality in India is driven by IHD in contrast to the East Asian countries where stroke is the predominant cause.[@bib0025] GBD 2015 study reported that cardiovascular mortality rate in South Asian region was 369/100,000^5^ and although this was lower than in Central Asia (545), Eastern Europe (532), Oceania (525) and Sub-Saharan Central Africa (418), it is substantially greater than in North Africa and Middle-East (361), Sub-Saharan Eastern Africa (361), Southeast Asia (321) and Eastern Asia (295) ([Fig. 1](#fig0005){ref-type="fig"}).[@bib0025] GBD Study 2015 also reported that IHD mortality rates in India were more than twice the rates in North America and Western Europe.[@bib0025]Fig. 1Cardiovascular disease (CVD) and ischemic heart disease (IHD) mortality rates (per 100,000) in high mortality low- and lower-middle income regions of the world compared to global average (Global Burden of Disease 2015 Study).[@bib0025] (C central, E eastern, S south, N north, ME middle-east).Fig. 1

The GBD 2016 study reported years of life lost (YLL) as a measure of premature mortality.[@bib0020] The estimated YLL rate for IHD in India was 2971/100,000 in the year 2015 and was 32.7% higher than 1990 rate of 2239/100,000.[@bib0020] These rates were also significantly greater than high-income countries. For example, in USA, YLL declined from 3776/100,000 in 1990 to 2325/100,000 in 2015 (-62.4%) with a greater decline in European high-income countries (-72.2%).[@bib0020] Premature IHD in form of low age of presentation of first myocardial infarction (MI) compared to other countries of the world was reported in the INTERHEART study.[@bib0030] Young age of first MI has also been reported in recent acute coronary syndrome (ACS) registries from India.[@bib0035], [@bib0040], [@bib0045], [@bib0050]

Serial mortality data from Registrar General of India has reported increasing CVD death rates in India.[@bib0055], [@bib0060] In the years 2001--2003,[@bib0055] the top three causes of deaths as percent of total mortality in men and women, respectively were, CVD (20.3 and 16.9%), respiratory diseases (9.3 and 8.0%) and diarrheal diseases (6.7 and 9.9%). In the years 2010--2013,[@bib0060] the top three causes of deaths in men and women, respectively were, CVD (25.1 and 20.8%), respiratory diseases (7.8 and 7.5%) and cancer (5.8 and 6.6%). GBD 2016 study also reported increase in cardiovascular, IHD and stroke mortality among men and women in India ([Fig. 2](#fig0010){ref-type="fig"}).[@bib0020] In men, the age-adjusted cardiovascular mortality (per 100,000) was 184 in 1990 which increased to 241 in 2015 (+31%) while IHD mortality rate increased from 106 to 147 (+39%). During the same duration, among women cardiovascular mortality increased from 160 to 181 (+13%) and IHD mortality from 76 to 96 (+26%). This is in contrast to most high income and upper middle-income countries where both cardiovascular and IHD mortality rates have declined by more than 60% during this period.[@bib0025] Increasing prevalence of IHD in India has been reported in previous reviews.[@bib0065], [@bib0070], [@bib0075], [@bib0080], [@bib0085] GBD 2016 study also reported that the disease burden due to CVD and IHD measured by disability adjusted life years (DALYs) was increasing in India. DALYs from IHD doubled from 19.77 million/year in 1990 to 39.68 million in 2015 (+100.7%) and DALYs/100,000 increased from 2289 in 1990 to 3047 in 2015 (+33.1%).[@bib0020]Fig. 2Age-adjusted cardiovascular, IHD and stroke mortality in men and women in India according to the Global Burden of Diseases study 2016.Fig. 2

There could be multiple reasons for the increase in CVD and IHD mortality and morbidity in India. Multiple hypotheses have been postulated. These include rapid increase in social determinants, "the causes of causes", of cardiovascular health,[@bib0080], [@bib0085], [@bib0090], [@bib0095] increasing standard coronary risk factors,[@bib0080], [@bib0085], [@bib0090], [@bib0095] and genomic factors including gene-environment interaction and adverse epigenetic influences.[@bib0100], [@bib0105] In the present review we have briefly reviewed available data on social determinants of health, standard and emerging coronary risk factors and emerging genetic and epigenetic factors relevant to India. We have also evaluated studies that report quality of primary prevention and gaps in acute and chronic IHD management. We argue that poor quality of preventive and clinical care is widespread in India and is an important modifiable risk factor that is responsible for increasing IHD mortality in India.

2. Methods {#sec0010}
==========

The present narrative review is based on a number of previous studies and publications on epidemiology of IHD and its risk factors from India. In addition to data from previous reviews of IHD epidemiology in India,[@bib0065], [@bib0070], [@bib0075], [@bib0080], [@bib0085] we evaluated newer publications from the Registrar General of India.[@bib0055], [@bib0060] We also obtained data from electronic databases of WHO[@bib0015] and GBD Study 2016[@bib0020] to estimate absolute number of deaths and adjusted rates/100,000 from CVD and IHD in India. We obtained data on social determinants of IHD and risk factor data for India from previous reviews[@bib0075], [@bib0080], [@bib0085], [@bib0090] and literature search using PubMed. Genetic risk factors including influence of epigenetic factors have been summarized in some of the recent reviews.[@bib0100], [@bib0105] South Asian specific genes that predispose to IHD were obtained using PubMed search. Registries and reviews highlighting gaps in preventive and curative treatment of IHD were also obtained using PubMed. Descriptive statistics are presented.

3. Group 1: epidemiological transition and social determinants {#sec0015}
==============================================================

Social determinants of chronic diseases such as IHD have been poorly studied in India. Increase in almost all the major IHD risk factors is rooted in epidemiological transition.[@bib0090] This transition involves many socio-demographic factors.[@bib0110] Adverse transition in India is associated with increase in cardiometabolic risk factors.[@bib0085], [@bib0090] Relevant for India are migration, urbanization, education, poverty, human development index (HDI), and individual socioeconomic factors.[@bib0090], [@bib0095], [@bib0115], [@bib0120] India is still on the increasing curve of epidemiological transition and it has been argued that stabilization in risk factor prevalence and their decline, as observed in developed countries, shall take time.[@bib0090] These socioeconomic changes have been collectively called political, social and economic determinants of health.[@bib0125]

We obtained state-level data on major IHD risk factors- hypertension and overweight from Fourth National Family Health Survey (NFHS-4).[@bib0130] We also obtained data on state-level social parameters such as HDI, urbanization and educational status.[@bib0130] Correlational analysis demonstrated that states with greater HDI have greater prevalence of overweight (body mass index- BMI ≥25 kg/m^2^), hypertension and hyperglycemia (random blood glucose \>140 mg/dl) both in men and women ([Fig. 3](#fig0015){ref-type="fig"}).Fig. 3Association of Human Development Index (HDI) with prevalence of overweight/obesity, hypertension and hyperglycemia among men (red markers) and women (blue markers) in larger states of India. Data. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)Fig. 3Source: 4th National Family Health Survey (NFHS-4).[@bib0130]

We also performed association analysis of district level prevalence of overweight and hypertension with urbanization and HDI in states with high, moderate and low HDI ([Table 1](#tbl0005){ref-type="table"}). The analysis suggests varying level of epidemiological transition in different states in India and explains the varying IHD mortality in these states. Similar results have been reported in a state specific reports from Rajasthan,[@bib0135] NFHS-4,[@bib0130] and India GBD Alliance.[@bib0095] Household level data from the Indian Census shows a rapid increase in social services such as water supply, electric supply and construction of *pucca* houses and regular roads.[@bib0140] This is coupled with exponential increase in ownership of labor saving devices such as 2- and 4-wheeler transport vehicles, cell phones, televisions and telephone connections. All these macrolevel and microlevel distal determinants of cardiovascular health have led to a significant decline in physical activity and changes in dietary habits and led to increase in cardiometabolic risk factors and IHD. There is a significant positive correlation of state-level HDI with IHD mortality and null association with stroke mortality suggesting evolving epidemiological transition in the country ([Fig. 4](#fig0020){ref-type="fig"}). The mortality data have been obtained from India GBD Alliance report.[@bib0095]Table 1Examples of association of district level urbanization and human development index (HDI) with prevalence of overweight, hypertension and hyperglycemia (random blood glucose ≥140 mg/dl) among 15--49 years old women and 15--54 year old men in NFHS-4 in Indian states at high (Kerala, Tamil Nadu), middle (Rajasthan, Madhya Pradesh) and low (Uttar Pradesh, Bihar) levels of HDI (Spearman's correlation coefficient).Table 1States (HDI)Overweight/ObesityHypertensionHyperglycemiaMenWomenMenWomenMenWomenKerala (0.712)Urbanization−0.2350.095−0.138−0.128−0.367−0.534[\*](#tblfn0005){ref-type="table-fn"}HDI0.2790.4640.0680.2820.187−0.044Tamil Nadu (0.666)Urbanization0.3020.660[\*\*](#tblfn0010){ref-type="table-fn"}0.0620.371[\*](#tblfn0005){ref-type="table-fn"}−0.0160.069HDI0.0910.758[\*](#tblfn0005){ref-type="table-fn"}0.2480.2250.3160.212Rajasthan (0.577)Urbanization0.484[\*\*](#tblfn0010){ref-type="table-fn"}0.591[\*\*](#tblfn0010){ref-type="table-fn"}0.306[\*](#tblfn0005){ref-type="table-fn"}0.2940.1390.045HDI0.592[\*\*](#tblfn0010){ref-type="table-fn"}0.625[\*\*](#tblfn0010){ref-type="table-fn"}0.494[\*\*](#tblfn0010){ref-type="table-fn"}0.2940.1440.052Madhya Pradesh (0.557)Urbanization0.319[\*](#tblfn0005){ref-type="table-fn"}0.634[\*\*](#tblfn0010){ref-type="table-fn"}0.167−0.0070.1120.095HDI0.558[\*\*](#tblfn0010){ref-type="table-fn"}0.573[\*\*](#tblfn0010){ref-type="table-fn"}0.1590.001−0.0080.008Uttar Pradesh (0.542)Urbanization0.368[\*\*](#tblfn0010){ref-type="table-fn"}0.588[\*\*](#tblfn0010){ref-type="table-fn"}−0.231−0.332[\*\*](#tblfn0010){ref-type="table-fn"}0.096−0.004HDI0.381[\*\*](#tblfn0010){ref-type="table-fn"}0.417[\*\*](#tblfn0010){ref-type="table-fn"}−0.131−0.357[\*\*](#tblfn0010){ref-type="table-fn"}−0.164−0.269[\*](#tblfn0005){ref-type="table-fn"}Bihar (0.536)Urbanization0.1900.2680.0040.0870.0400.179HDI−0.1000.1160.313−0.085−0.036−0.116[^1][^2][^3]Fig. 4Association of state-level Human Development Index (HDI) with ischemic heart disease (IHD) and stroke mortality in India. A significant positive correlation is observed with IHD mortality (logarithmic R^2^ = 0.385) and no correlation is observed with stroke (logarithmic R^2^ = 0.005).Fig. 4

4. Group 2: changes in standard & emerging coronary risk factors {#sec0020}
================================================================

There are no large prospective studies from India that have evaluated association of risk factors with IHD outcomes. INTERHEART, a case-control study of acute coronary events had a large representation from India and other South Asian countries.[@bib0145] In this study it was reported that IHD risk factors were not dissimilar among South Asians as compared to populations from other parts of the world.[@bib0030] Nine common risk factors were identified as important: high ApoB/ApoA1 ratio (dyslipidemia), smoking, known hypertension, known diabetes, abdominal obesity, psychosocial stress, unhealthy diet, low physical activity and alcohol. However, the population attributable risks among South Asians were greater for dyslipidemia, abdominal obesity, smoking, physical inactivity, unhealthy diet and alcohol intake.[@bib0030] Similar findings have been reported in the INTERSTROKE case-control study.[@bib0150] All the above mentioned nine IHD risk factors have been identified as important in South Asians with ischemic and hemorrhagic strokes.[@bib0150]

Epidemiological studies have reported that all the common risk factors are increasing in India.[@bib0085], [@bib0155] Systematic reviews and other studies have reported significant increase in obesity,[@bib0160] abdominal obesity,[@bib0165] hypertension,[@bib0170], [@bib0175] diabetes,[@bib0180] metabolic syndrome[@bib0185] and dyslipidemias (hypercholesterolemia and hypertriglyceridemia)[@bib0190] in India, both in urban and rural populations. It has been suggested that this increase in cardiometabolic risk factors is fueling the IHD epidemic in India.[@bib0195]

These changes are also due to adverse effects of globalization that influence social construct, social movements, occupational exposures, technologies, physical activity, food preferences and consumption, smoking and tobacco consumption.[@bib0200] Trends in lifestyle factors demonstrate variable change. For smoking and tobacco use, Bhan et al[@bib0205] analyzed data from National Sample Survey Organization (NSSO) Reports, 1999--2012 ([Fig. 5](#fig0025){ref-type="fig"}). The study showed a decline in smoking rates among men with an increase among women. Smokeless tobacco consumption increased during this period. Similar results were reported by Mishra et al,[@bib0210] who reported smoking and non-smoked tobacco-use from the Special Fertility and Mortality Survey (SFMS 1998) and Global Adult Tobacco Survey (GATS 2010).[@bib0210] In this report the finding of increased smoking among younger men and women was a cause of concern. Changes in dietary consumptions are difficult to analyze. Serial studies by National Nutrition Monitoring Bureau (NNMB) and NSSO have reported increasing trends in consumption of calories and fats among rural and urban populations.[@bib0215], [@bib0220] The per-capita consumption of saturated fats, trans-fats as well as refined sugars and carbohydrates is increasing.[@bib0215] Although the per capita consumption of fruits and vegetables has increased but remains suboptimal.[@bib0220] Trends in consumption of other cardioprotective micronutrients has not been reported.Fig. 5Time-trends in prevalence of smoking, smokeless tobacco-use in men and women and dietary fat consumption (in National Sample Survey Organization studies).Fig. 5

Data on other lifestyle factors that influence cardiovascular health are sparse in India. Alcohol intake has been reported in NFHS studies and appears to be increasing.[@bib0130] A study from Kerala reported that percentage of those consuming alcohol under 21 years from years 1986 to 2014 increased from 2% to 20% while age of initiation decreased from 19 to 13.5 years.[@bib0225] NFHS-3 reported that about 32% men in India use alcohol.[@bib0130] The National Mental Health Survey of India 2015--2016, found that prevalence of alcohol use disorders (dependence and harmful use) in males was 9% and in females was 0.5%.[@bib0230] It was the third most common mental disorder after tobacco use disorder and depression. Globally, alcohol has become the most common risk factor for death and disability in the age group of 15--49 years.[@bib0020] A similar situation is emerging in India. Excessive alcohol consumption is related to greater hypertension prevalence and sudden death. INTERHEART study reported that in South Asians, harmful use of alcohol such as binge drinking is common and does not offer any cardiovascular protection.[@bib0030]

Some of the newer and emerging risk factors may be important in Indian patients with IHD ([Table 2](#tbl0010){ref-type="table"}).[@bib0080] In a case-control study involving young survivors of ACS \<50 years, Panwar et al. reported that smoking, hyperhomocysteinemia, hypertension and abdominal obesity were important risk factors.[@bib0235] Another study of coronary risk factors in young Indians (CADY) reported that psychosocial stress and family history were important risk factors.[@bib0240] However, the trends in these and other risk factors ([Table 2](#tbl0010){ref-type="table"}) have not been studied in India and it shall be difficult to associate them with increasing IHD in Indians.Table 2Important and unique coronary risk factors in Indians.Table 2Standard major risk factorsEmerging risk factors•Smoking•Physical inactivity•Dietary factors (trans-fats, saturated fats, refined carbohydrates)•Low fruits and vegetables intake•High LDL cholesterol•Low HDL cholesterol•Hypertension•Diabetes•Metabolic syndrome, insulin resistance•Smokeless tobacco use•Binge drinking and alcohol abuse•India specific dietary factors (oxidized fats, food pollutants, preservatives)•Indoor air pollution•High triglycerides, triglyceride rich lipoproteins•Lipoprotien(a)•Apolipoprotein A~1~/B ratio•Small dense LDL cholesterol•Dysfunctional HDL cholesterol•Inflammatory factors/markers: Infections, CRP, Interleukin•Homocysteine•Fibrinogen

5. Group 3: genetic risk factors {#sec0025}
================================

Genetic factors have been hypothesized to explain the greater risk of IHD in Indians for a long time.[@bib0245] Studies among South Asian families show that cardiovascular risk factors and coronary artery disease are heritable.[@bib0250] Initial studies among emigrant Indians in Southeast Asia, Oceania and UK suggested that standard risk factors do not explain greater incidence and it was speculated that some genetic factors were involved.[@bib0250] Subsequent studies reported that higher insulin resistance and diabetes in these populations explained this greater risk.[@bib0255], [@bib0260]

Multiple low-power genetic studies have been performed in India and have reported associations with many single nucleotide polymorphisms (SNPs).[@bib0265], [@bib0270] All these studies are underpowered. Genetic analyses using genome-wide association studies (GWAS) have failed to replicate the results of most of these studies.[@bib0275] GWAS have identified a number of SNPs as important coronary atherosclerosis at different pathways ([Table 3](#tbl0015){ref-type="table"}).[@bib0105] This list keeps on growing with more information being available rapidly including genes important in South Asians.[@bib0280] These individual variants have a modest effect size with odds ratios of 1.05 to 1.30 per risk allele copy and in aggregate account for only a small proportion of the total predicted genetic variance. However, these findings do not exclude a role for genetic factors since the GWAS approach is not well designed to identify either low frequency or rare variants.[@bib0285] Moreover, the South Asian genome, although similar to Caucasian populations, in certain extents is unique[@bib0280], [@bib0285] and more research is required in this direction.Table 3Genes identified for atherosclerosis and its pathways.Table 3LDL cholesterol and lipoprotein(a)Triglyceride rich lipoproteinsInflammationCellular proliferation and vascular remodelingVascular tone and nitric oxide signalingSORT1LPLIL6RCOL4A1-COL4A2CUCY1A3PCSK9TRIB1CXCL12MIA3EDNRAAPOBAPOA5REST-NOA1NOS3ABCG5-ABCG8APOA4ZC3HC1LPAAPOC49p21LIPAAPOA1PDGFDLDLRANGPTL4AWAP70APOEKSR2ADAMTS7BCAS3FLT1SMAD3

IHD and vascular atherosclerosis is a multifactorial disease. Research on of individual genetic factors on IHD incidence that used SNPs were found inferior to classical cardiovascular risk factors in risk prediction. Therefore, recent focus has shifted from SNP model to gene risk score models.[@bib0105] The initial reports combined 11 SNPs for risk prediction.[@bib0290] As knowledge has evolved more and more SNPs have been added to create various polygenic risk scores using SNPs involved in not only inflammatory and thrombogenic pathways but also pathways involved in various major cardiovascular risk factors- hypertension, dyslipidemias and diabetes. These polygenic risk scores have been created using 50--100 SNPs.[@bib0295], [@bib0300], [@bib0305] Complex trait diseases such as IHD may have omnigenic rather than polygenic pathways.[@bib0310] Recent reports suggest that an omnigenic gene risk prediction model with incorporation of 50K--100 K SNPs is more reliable and better predictive than classical cardiovascular risk scores mentioned above.[@bib0315] Indeed there has been a progressive increase in the number of SNPs in each risk score ([Table 4](#tbl0020){ref-type="table"}) and current genome-wide polygenic risk scores are based on millions of genes that are being investigated to identify a monogenic-risk equivalence for coronary artery disease using advanced mathematic techniques.[@bib0320]Table 4Evolution of coronary gene risk scores from 50's to include millions of SNPs.Table 4Polygenic scoreDerivation strategyN variantsArea under the curveOdds ratio (per SD increment)Tada et al.Variants that achieved genome-wide statistical significance in prior GWAS (p \< 5 × 10^8^)500.591.38Abraham et al.Linkage-equilibrium based thinning of variants from prior GWAS49,3100.591.38Pruning strategy (pruning & truncation)Pruning based on statistical significance (p \< 0.05) and linkage disequilibrium (r2 \< 0.8) of variants from prior GWAS116,8590.621.54Pruning strategy (GWAS)LDPred computational algorithm to assign weights to all available variants from prior GWAS via explicit modeling of linkage disequilibrium6,630,1500.641.67

Presently, there are no studies that have specifically identified genomic risk factors in South Asians or Indians using GWAS, whole genome studies (WGS), whole exome sequencing (WES) or next generation sequencing (NGS). GWAS study among the PROMIS cohort in Pakistan did not report any unique SNP associations with multiple IHD risk factors.[@bib0325], [@bib0330] Large GWAS based studies in UK have identified a few SNPs that may be important for IHD and stroke in South Asians.[@bib0275] More studies are needed as detailed study of the South Asian genome has revealed evidence for selective pressure on genes involved in skin biology, metabolism, infection and immunity- all important in processes of atherosclerosis.[@bib0285]

The genetic structure of human populations does not change in a few decades and it would be more important to study gene functions as well as gene--gene and gene-environment interaction.[@bib0105] Very limited information exists on these areas of research especially in Indians and South Asians. Study of gut microbiome and its influence on atherosclerosis is important in this regard.[@bib0335] Also required is study of epigenetic factors that are known to alter the gene function but are not the result of changes in the DNA sequence. Gene-environment interactions can lead to adverse epigenetic influences that can promote atherosclerosis. For example, physical inactivity and harmful nutrients are known to promote atherosclerosis via epigenetic changes and both these risk factors are rapidly increasing in India. Ambient air pollution and use of industrial and agricultural toxins are also increasing in India. Both may affect the epigenetic factors responsible for IHD and explain the increased coronary epidemic in India.

6. Group 4: quality of preventative, acute and chronic coronary care {#sec0030}
====================================================================

Cardiovascular risk factors such as hypertension, hypercholesterolemia, diabetes and smoking need lifelong control to achieve decline in CVD mortality.[@bib0340] Once IHD manifests, it also needs lifelong secondary preventative treatment. Poor quality cardiovascular care is associated with increased cardiovascular mortality. There are significant gaps in primary prevention, acute IHD management, as well as secondary prevention in India as highlighted by the Prospective Urban Rural Epidemiology (PURE) study.[@bib0345], [@bib0350] We argue that this is an important coronary risk factor.

The PURE study is the first prospective study that has systematically identified gaps in care as an important cardiovascular risk factor in lower and middle income countries including India.[@bib0345] In this study 156,424 adults 35--70 years of age were recruited from 3 high, 10 middle income and 4 low income countries (India was a low income country when recruitment started in 2003). Participants from low-income countries (India, Pakistan, Bangladesh and Zimbabwe) had the lowest prevalence of cardiovascular risk factors as estimated by a low mean INTERHEART risk score (8.3, 95% confidence interval 7.6-9.1) compared to middle-income (10.5, 10.1-10.8) and high-income countries (12.9, 12.8-13.0). These people were followed for a mean of 4.1 years. At this time it was observed that CVD mortality, case-fatality as well major event rates (acute MI, stroke or heart failure) were significantly greater in low-income countries compared to middle- and high-income countries. This paradox of "low risk factor, high cardiovascular mortality" is best explained by poor quality of care, low quality primary prevention, inferior acute IHD management and secondary prevention.[@bib0350] Indeed, studies from India have reported significant gaps in policies for population level primordial prevention; primary prevention involving treatment and control of risk factors such as hypertension, diabetes, hypercholesterolemia and smoking; hospital based acute coronary disease management; as well as long term secondary prevention and cardiac rehabilitation. Significant gaps also exist in cardiovascular care quality parameters ([Table 5](#tbl0025){ref-type="table"}) in India.[@bib0355]Table 5Cardiovascular care quality parameters.Table 5Primary preventive careDisease management and secondary care•Indexes of social/human development•Healthcare service delivery•Low awareness of risk factors such as hypertension, diabetes and high cholesterol•Appropriate risk factor control•Adherence to treatments for risk factor control•Adherence to healthy lifestyles•Gaps in acute CAD management•Low use of thrombolysis and invasive revascularization•Poor quality secondary prevention care•Low use of evidence based care•Adherence to drug therapy•Use of non-evidence based therapies

6.1. Risk factor control and primary prevention {#sec0035}
-----------------------------------------------

Population based studies from India have consistently reported low awareness, treatment and control of hypertension and other cardiovascular risk factors ([Fig. 6](#fig0030){ref-type="fig"}). Anchala et al[@bib0170] and Devi et al[@bib0360] reviewed all the hypertension epidemiology studies from India and reported very low rates of hypertension awareness (30--50%), treatment (20--40%) and control (5--20%) in different regions of India. The PURE study reported that hypertension treatment and control was the lowest in low and lower-middle income countries (including India) as compared to participants from high and upper-middle income countries.[@bib0365]Fig. 6Awareness, treatment and control of major coronary risk factors in India. Data from hypertension urban and rural are from a meta-analysis by Anchala R, et al.[@bib0170] Data on diabetes urban (Gupta A, et al)[@bib0375] and hypercholesterolemia (Gupta R, et al)[@bib0175] are from multisite India Heart Watch study.Fig. 6

Dyslipidemias are the most important risk factor in India.[@bib0030] These dyslipidemias include high levels of total cholesterol, LDL cholesterol, triglycerides and apolipoprotein-B and low levels of apolipoprotein-A and HDL choleserol.[@bib0080] Hypercholesterolemia is the most important form of dyslipidemia amenable to therapy. Awareness and treatment of hypercholesterolemia is very low in India.[@bib0190] Diabetes is a very important risk factor in Indians and it also has low rates of awareness, treatment and control.[@bib0180], [@bib0370], [@bib0375] Smoking quit rates among adults are less than 5% as compared to 25--30% in developed countries.[@bib0205]

The PURE study has also reported that physical activity levels are low in India (and other low and lower-middle income countries)[@bib0380] and food is high in unhealthy nutrients and low in fruits.[@bib0385], [@bib0390] Situation appears to be improving, though. For example, serial studies from an Indian urban location has reported that over a 25-year period, hypertension awareness, treatment and control status has improved.[@bib0395] This increase is slow and projections of trends report that India is unlikely to achieve the expected levels of hypertension control as envisaged for the year 2030 as defined by UN Sustainable Development Goals.[@bib0395]

There are multiple reasons for the low quality primary preventive care in India including costs, culture and attitudes- more research is required for their careful characterization.[@bib0400] Low focus on preventive care and lack of clear national policies for promotion of smoking cessation, improving physical activity and promotion of healthy food are hampering the cardiovascular prevention effort in India.[@bib0405] High quality primary prevention also depends on government policies and public health spending on primary care; both are low priority areas in India. Disease Control Priorities Project has recommended a number of fiscal, intersectoral, public health and personal health services interventions at levels of community, primary health centre, first-level hospitals, referral hospitals and specialized hospitals for control of CVD in low and middle income countries.[@bib0410] Because India is a very populous and diverse country with states at different stages of epidemiological transition, it is important to contextually modify these guidelines which focus mainly on tobacco taxation, bans on trans fats and reduction in salt content of manufactured foods. Policy change and health services interventions are also suggested which focus mainly on promotion of universal health coverage.[@bib0415]

A number of studies are ongoing in India that have focused on multifactorial interventions for risk factor control, especially focusing on better hypertension management and control. Most of these studies have used either a health-care worker based intervention or technology-enabled intervention. Results are awaited.

6.2. Management of acute coronary events {#sec0040}
----------------------------------------

Significant gaps in quality of acute coronary care in Indian patients was initially highlighted by the Organization to Assess Strategies for Ischemic Syndromes (OASIS) and Treatment and Outcomes of Acute Coronary Syndromes in India (CREATE) registries.[@bib0035], [@bib0040] OASIS-2 registry reported a high 2-year mortality rates in patients with non-ST elevation myocardial infarction (NSTEMI) which was almost double than participants from countries in Europe and North America.[@bib0035] CREATE registry recruited 20,468 patients from 89 hospitals across the country.[@bib0040] A 30-day mortality rate of 8.6% in ST-elevation MI (STEMI) patients and 3.7% in NSTEMI was reported ([Fig. 7](#fig0035){ref-type="fig"}). It was also reported that the unadjusted 30-day morality rates among the rich, upper middle, lower middle and poor socioeconomic strata were 5.5, 5.9, 6.5% and 8.2%, respectively (p \< 0.001) These significant differences did not change with adjustment of risk factors but were attenuated on adjustment for types of treatments; adjusted mortality rates were 7.2%, 6.9%, 6.4 and 6.6%, respectively (p = 0.97). This study, thus, highlighted disparities in quality of treatments in ACS patients in different socioeconomic groups in India and strongly (or clearly) suggested that quality of care was an important coronary mortality risk factor.[@bib0040]Fig. 7Short term mortality in acute coronary syndrome (ACS) patients with STEMI and NSTEMI. Data are from contemporary ACS registries in India and have been compared with large European and US registries.Fig. 7

High coronary mortality rates have been reported from recent registries in Kerala,[@bib0420], [@bib0425] Himachal Pradesh[@bib0045], [@bib0430] and Assam.[@bib0050] Kerala ACS registry was conducted in the most developed and epidemiologically evolved state of Kerala (shown in [Table 1](#tbl0005){ref-type="table"}) and recruited 25,748 participants with STEMI and NSTEMI.[@bib0425] The 30-day mortality rate in STEMI was greater than CREATE registry (11.9 vs 8.6%) while NSTEMI mortality rates were similar (3.1 vs 3.7%). It was also reported that use of various evidence based treatments were sub-optimal. For example, the use of primary coronary intervention in both CREATE and Kerala-ACS registries was less than 10%.

Lower rates of in-hospital, 30-day or 6-month mortality have been reported in recent acute coronary syndrome registries among metropolitan hospitals in India. In-hospital mortality rates of less than 3% has been reported in multisite Detection and Management of Coronary Heart Disease patients (DEMAT),[@bib0435] Indian Council of Medical Research- Management of Acute Coronary Event (ICMR-MACE),[@bib0440] and other some single-hospital registries from Chennai[@bib0445] and Delhi.[@bib0450] This could be due to multiple factors including case selection bias, event reporting bias and better quality of treatment. Use of coronary interventions in these studies was greater than the previous studies and better use of evidence-based therapies could also be a factor. The SPREAD study reported a high use of primary coronary intervention (60%) and evidence based therapies- dual antiplatelets, beta blockers, renin-angiotensin system (RAS) blockers and statins, of \>90% in 14 tertiary care hospitals.[@bib0455] Large registries from Europe (GRACE[@bib0460] and EuroHeart-2[@bib0465]) and USA (ACTION[@bib0470]) have reported a much lower in-hospital mortality rates in ACS ([Fig. 7](#fig0035){ref-type="fig"}). Studies that evaluated secular trends have reported a decline in in-hospital and short term mortality following ACS in developed countries. The American College of Cardiology multicenter acute coronary syndrome registry (ACTION) reported a constant improvement in quality of care associated with declining in-hospital and short-term mortality in ACS patients.[@bib0470] A decline in the in-hospital ACS mortality has also been reported in nationwide registries from Sweden[@bib0475] and France.[@bib0480]

In India, systemic nationwide studies are required to identify importance of health systems, patient characteristics and treatments that are important in influencing outcomes. Some of quality improvement methods are described by Disease Control Priorities project.[@bib0410] Quality improvement studies for ACS management are also required. Acute Coronary Syndrome Quality Improvement in Kerala (ACS-QUIK) study[@bib0485] was conducted at multiple hospital sites in Kerala. In this cluster-randomized trial with a step wedged design, a multifactorial educational program, which was focused on physicians, reduced door-to-needle and door-to-balloon times and increased use of various evidence based therapies. Use of in-hospital evidence based therapies also increased. However, there was no difference in 30-day major cardiovascular end points in the studies (intervention 5.8%, vs. intervention 6.0%, p = not significant) with multivariate adjusted difference −0.09% (CI −1.32, 1.14%) as well as adjusted odds ratio 0.98 (CI 0.80--1.21). The major cardiovascular events were significantly greater in women as compared to men (odds ratio 1.86, CI 1.65--2.09) with no influence of intervention in either sex.[@bib0485] Similar and larger multifaceted efforts along with better training to physicians and residents are required.

6.3. Secondary prevention {#sec0045}
-------------------------

Quality of secondary prevention is also sub-optimal in India.[@bib0080] In WHO study on Prevention of REcurrences of Myocardial Infarction and StrokE (WHO-PREMISE) study, use of various cardiovascular evidence based medicines (aspirin, beta-blockers, ACE inhibitors and statins) in stable patients with cardiovascular disease (IHD or stroke) was reported in 9 low and middle-income countries, including India.[@bib0490] A low use of various evidence based medicines especially renin angiotensin system (RAS) blockers and lipid-lowering drugs was reported. In a prescription audit based study in Rajasthan (western India) it was reported that prescription of the four classes of evidence based therapies, mentioned above, was high at tertiary care centers but was significantly lower at secondary and primary care level ([Fig. 8](#fig0040){ref-type="fig"}).[@bib0495] Similar findings have been reported at a few other studies in primary care including a study from rural Andhra Pradesh and other parts of the country.[@bib0500], [@bib0505]Fig. 8Prescription of various cardiovascular evidence-based therapies at tertiary care hospital, tertiary care clinics, secondary care clinics and primary care clinics in patients with established IHD in India.[@bib0520].Fig. 8

Community based studies in South Asia and India among rural and urban participants a few years after a CVD event (AMI or strokes) in the Prospective Urban Rural Epidemiology (PURE) study[@bib0510] reported drastically low community level use of these four classes of drugs. The use of the four evidence-based medications was hugely different in high, compared to low-income countries. The use of anti-platelets (62 vs 9%), beta-blockers (40 vs 8%), ACE inhibitors or angiotensin receptor blockers (50 vs 5%) and statins (67% vs 3%) were significantly different (p \< 0.0001). Multiple factors could be involved in these patients involving administrative and health system level factors, clinician health services level factors and patients level factors.[@bib0495] In the PURE study participants from India, we identified poverty and low educational status of patients as important.[@bib0515] Many other factors could be involved and require further research.

Systemic effort is required to improve secondary prevention for coronary heart disease in India. This is a "low-hanging" fruit of cardiovascular prevention. It has been estimated that proper use of these therapies can reduce mortality by 20--30% among patients with established disease. SPREAD study was a multisite study conducted at 14 tertiary care hospitals across the country.[@bib0455] In this study, survivors of ACS were randomized to either usual care or a trained community-health worker based educational intervention for improving knowledge and practice of secondary prevention strategies, every two months for one year. It was reported that after 12 months of follow-up participants in the intervention arm had better adherence to evidence based drug therapies, had lower smoking prevalence, blood pressure, body weight and cholesterol levels. The study was not powered to assess outcomes. A large outcome study based on yoga-lifestyle intervention is currently ongoing.[@bib0520] Secondary prevention practices can be improved as has been demonstrated in the European Action on Secondary Prevention through Intervention to Reduce Events (EUROASPIRE) program in Europe.[@bib0525] Participation in a formal cardiac rehabilitation is also important and would lead to reduced coronary events.[@bib0530]

7. Epilogue {#sec0050}
===========

Increasing cardiovascular and IHD mortality in India has been reported by WHO and GBD studies.[@bib0005], [@bib0010] PURE study reported that in Indian participants had lower prevalence of major cardiovascular risk factors (INTERHEART risk score) as compared to high and middle-income countries but high cardiovascular mortality.[@bib0345] This indicated lower quality preventive and therapeutic cardiovascular care in India. Studies have reported that almost all cardiovascular risk factors (social determinants, harmful lifestyles, anthropometric and biochemical factors) are increasing in India.[@bib0080], [@bib0085] We argue that low-quality promotive, preventive and clinical coronary care is a major cardiovascular risk factor. Epidemiological studies have reported low levels of smoking quit rates, and low risk factor (hypertension, diabetes and hypercholesterolemia) awareness, treatment and control rates, high cardiovascular and IHD mortality and case-fatality following acute coronary events, and low quality of long-term secondary preventive care. These gaps are particularly prevalent at primary and secondary care levels.

There is need to improve political and bureaucratic focus on improving cardiovascular and coronary care. Disease Control Priorities Project has identified a number of useful interventions.[@bib0410] Policy level and fiscal interventions to increase taxes on tobacco and sugar sweetened beverages, improvements in the built environments to encourage physical activity, school based programs to improve nutrition and encourage physical activity, regulation on advertising and labeling of tobacco products, actions to reduce salt content in manufactured foods and bans on trans-fatty acids are crucial. Public health interventions should focus on nutritional supplementation for women of reproductive age and mass-media must be used to propagate harms of specific unhealthy foods and tobacco products. Improvement in quality of personal health services is important.[@bib0355], [@bib0400], [@bib0410] Community based interventions include training of community health workers for cardiovascular risk screening using non-lab based tools for risk assessment, to improve adherence, and referral to primary health centers for continued medical management. Primary health centers should perform opportunistic screening for hypertension for all adults, screening for diabetes in high-risk individuals and provide combination therapy for multiple risk factor reduction. These centers should also provide facilities for long term management of IHD patients with evidence based medicines-aspirin, beta blockers, RAS blockers and statins when indicated, and should be trained to use aspirin in all cases of suspected myocardial infarction. First level hospitals should have facilities for tobacco cessation counseling and primary management of acute coronary events with unfractionated heparin, aspirin and generic thrombolytics. Referral hospitals should be equipped with high quality coronary care units and primary coronary interventions should be promoted when appropriate.[@bib0530] Quality improvement programs at community levels, especially in rural areas, for risk factor prevention, identification and improving adherence to basic therapies are few[@bib0535], [@bib0540] and ongoing.[@bib0545], [@bib0550], [@bib0555] ACS-QUIK study has shown that quality of ACS management can be improved.[@bib0485] Tamil Nadu-STEMI program has reported that coordinated care for STEMI using a public-private partnership model is feasible.[@bib0560] The SPREAD study has demonstrated usefulness of community health workers in promoting secondary prevention following acute coronary event.[@bib0455] Global action is required on social determinants of cardiovascular health.[@bib0565] Innovative methods of healthcare financing using public and private insurances have been evaluated and are available in some states of the country.[@bib0570] The initiatives are still evolving.[@bib0575] Although more such studies are required, especially in resource-constrained health systems in different locations, implementation of existing knowledge should lead to improvement in quality of primary and secondary preventative care. Modification of this important risk factor through health system interventions would save hundreds of thousands of lives in India and reduce morbidity in millions. Urgent and focused action is needed from multiple stakeholders.

[^1]: HDI Human development index.

[^2]: p \< 0.05.

[^3]: p \< 0.01.
